Intestinal-type columnar epithelium in the (distal) oesophagus, known as Barrett's oesophagus (BO), is a well-defined premalignant condition [32] . The risk for the development of oesophageal adenocarcinoma in a patient with BO is at least 30 times higher as compared to the general population [9] . Invasive cancer in BO, so called Barrett cancer, is preceded by stages of progressively severe dysplastic changes [24] . For a symptomatic Barrett cancer, long-term survival rates are low. Therefore, attention should be focused on early detection of neoplastic changes, preferably in a preinvasive phase, i.e. dysplasia. An accurate and reproducible diagnosis of dysplasia in BO might ultimately lead to targeted therapeutic interventions or cancer prevention in the future.
At present, dysplasia in BO is the only clinically accepted marker of neoplastic potential. Strategies for endoscopic surveillance of BO are dictated by the grade of dysplasia on endoscopic biopsy [17, 23] . When a diagnosis of low-grade dysplasia is made, surveillance should be intensified by shortening the time intervals between consecutive endoscopies and by applying more aggressive biopsy sampling [35, 36] . High-grade dysplasia may indicate imminent progression into invasive carcinoma or even its occult presence [1, 5, 10, 18, 27, 30] . When the diagnosis of (persis-tent) high-grade dysplasia is confirmed independently by two expert pathologists in a patient fit for major surgery, a 'prophylactic' oesophagectomy should be considered in an institution with low postoperative mortality. Alternatively, local endoscopic ablation with careful endoscopic follow-up could be applied, using endoscopic mucosal resection (EMR) and/or photodynamic therapy (PDT), although these promising new endoscopic techniques should still be considered experimental. The effectiveness of such surveillance strategy is hampered by substantial diagnostic variability in grading of dysplasia in BO biopsy samples (37-46%) [25, 31, 37] .
Grading of dysplasia in Barrett's oesophagus
Dysplasia is usually defined as a process of unequivocal neoplastic proliferation, with loss of differentiation and/or maturation gradient [11, 28] . The diagnosis of high-grade dysplasia or intramucosal carcinoma can be made with a high inter-observer reproducibility between expert pathologists (85-87%), especially if they come from the same institution [31] . However, diagnostic variability is a problem in lower grades of dysplasia [25] . It can be difficult to distinguish reactive inflammatory changes from genuine dysplasia. This can be partially overcome by microscopic re-assessment after optimal short-term medical anti-reflux therapy. However, we do not deal with distinct categories, but with a continuous spectrum from metaplasia (BO), through low-, (intermediate-), and high-grade dysplasia to invasive carcinoma. Because of lack of definitive histologic criteria and their subjective interpretation, both intra-and inter-observer variability are inherent to this scoring system.
Computerized immunoquantitation and morphometry of features associated with proliferation and differentiation
Computerized quantitative pathology appears a promising tool to decrease observer variability in grading of BO dysplasia. Dysplasia, by definition, represents loss of a differentiation/maturation gradient. Mucin histochemistry (like alcian blue pH 2.5/PAS) allows for demonstration of maturation loss in BO [16] . The features of differentiation and/or maturation can be objectively evaluated by means of morphometry. Morphometry enables to measure geometric features of tissue components, like stratification of nuclei within the epithelium and nuclear size related features (nuclear area and nuclear volume) [2] . It has been shown that, using morphometry, incomplete intestinal metaplasia of the gastric mucosa should be classified as low-grade dysplasia [34] . If the same holds true for BO, then morphometry may be useful as an additional diagnostic tool in grading of dysplasia.
Another feature of dysplasia is increased proliferation. This can be assessed by counting the mitotic figures on H&E sections, or by using special stains which enable to demonstrate cells that have entered the cell cycle (Nucleolar Organizer Regions AntigenAgNORs; Proliferating Cell Nuclear Antigen -PCNA; Ki67; MIB1). Flow cytometry for this purpose is discouraged because the histological context is lost [6] . With the use of proliferative markers it is possible to localise rapidly dividing cells within dysplastic epithelium. In BO epithelium, the proliferative compartment is normally restricted to the bottom of the crypts (progenitor stem cells) [4] . An upward shift of proliferating cells towards the luminal surface is a characteristic feature of neoplastic progression [38] . The assessment of proliferative activity has been well documented in the dysplasia-carcinoma sequence of BO [8, 12, 14, 15, 26, 39] . The most widely accepted proliferative parameter is the labelling index, defined as the proportion of positively labelled cells to the total number of cells (within the proliferative compartment). However, the assessment of the labelling index is based on counting a large number of cells under the microscope. This procedure needs standardised training in scoring and its reproducibility is limited [29] . Using computerized immunoquantitation of Ki67 by stereology with systematic random sampling, area percentage of positive nuclei (Ki67 area%) is an attractive alternative to labelling index [20] .
Proliferation is partly controlled by tumour suppressor genes. Malignant progression in BO is the result of a stepwise accumulation of genetic alterations, in which p53 is thought to be a key factor [7] . The p53 protein accumulation is present in nearly two thirds of oesophageal adenocarcinomas arising in BO, and with similar frequency in areas of high-grade dysplasia [21] . In dysplastic areas adjacent to Barrett's adenocarcinomas, a positive correlation between p53 protein dysfunction and increased proliferative activity (as assessed with Ki67) was found [22] . The use of a proliferative marker (Ki67) in combination with the assessment of the p53 protein status might be of help to discriminate between different grades of dysplasia in BO. This combination may be of special interest, since Ki67 assessment may to some extent have an additional value to p53 immunohistochemistry (IHC). There is now increasing evidence that p53 IHC can give false positive results, and therefore it is not the optimal way to assess the p53 gene status [3, 32] .
Quantitative pathology as adjunct tool for grading of dysplasia
Alternatively, objective quantitative analysis of p53 IHC (measurement of molecular cell features = cytometry) could possibly be an adjunct to the conventional grading of dysplasia in BO. When the pathologist is not sure about the presence of dysplasia (often due to inflammatory and/or reactive changes), the diagnosis of 'indefinite for dysplasia' is made. There is evidence that p53 immunoquantitation might be of help to distinguish between indefinite for dysplasia and 'genuine' dysplasia [22] . Moreover, assessment of p53 area% may add to subjective biopsy examination in differentiating non-dysplastic from dysplastic BO [37] .
Objective diagnostic information in BO can be obtained by computerized quantitation of features associated with differentiation (stratification, nuclear size related features) and proliferation (Ki67, p53) with various combinations [2] . Moreover, most of the cases with disagreement on subjective BO dysplasia grading can be classified uniquely according to the values emerging from the discriminant analyses of quantitative pathological parameters [19, 37] . Since grading of dysplasia in BO carries important clinical consequences for the individual patient (intensification of endoscopic surveillance, local endoscopic ablation, 'prophylactic' oesophagectomy), clinical application of the quantitative classification method might dramatically influence the relatively poor effectiveness of BO surveillance programmes. It has been shown that p53 area% and Ki67 area%, and stratification index are the most powerful parameters for discrimination between different grades of dysplasia in surgical resection specimens with BO [19] . Analysis of the same set of quantitative pathological parameters has been also feasible on BO surveillance biopsies provided that well-defined biopsy criteria are used [37] . Importantly, the quantitative pathological analysis may assist in reducing diagnostic variability in the grading of dysplasia during surveillance of patients with BO. Although quantitative pathology on BO is a powerful research tool, its clinical use should be limited to expert centres. This reasoning can be explained by stable quality of IHC, availability of high-technology computerized equipment (QPRODIT system with systematic random sampling, automated scanning stage), gaining much experience with the course of time, and finally accessibility of expertise pathologists. Although nearly all biopsies are usually judged by two pathologists (at least intraining pathologist and senior-pathologist, or two expert pathologists) in these centres, so-called 'quantitative pathological grade' may be also obtained [19] . The agreement cases between subjective grading by two expert pathologists and quantitative pathological grading serve as constantly growing database for discriminant analysis. Most of the disagreement cases on subjective grading can be classified uniquely according to the values emerging from the discriminant analysis [37] . Such experience may be used in referral centres offering revision of pathology in BO. Initial results indicate that reassessment of biopsies, including additional quantitative pathology, led to adjustment of the grading of dysplasia in 50% of cases referred as high-grade, and 90% as low-grade dysplasia [13] .
An algorithm for the potential application of quantitative pathology in grading of dysplasia in BO has been proposed [21] . Graphs showing decision thresholds based on both, surgical resection material and endoscopic biopsy material, have been published previously [19, 38] . A modified algorithm includes the recently published results of quantitative pathology on BO biopsies, and is presented in Fig. 1 . The clinical value of this algorithm should be tested in a prospective clinical study with long-term follow-up. The potential of quantitative pathological features to discriminate between different grades of dysplasia in BO could be used for the future refinement of histological criteria in grading of dysplasia.
